Time course changes in host proteomic response to infection
To further define the 16 clusters of the total proteome, we used GeneGo's MetaCore software (FDR < 0.05) to determine the pathways represented in each cluster. The 9 major categories found to be enriched overall were RNA metabolic processes, DNA metabolic processes, gene expression, chromatin organization, cell cycle, intracellular transport, response to stress, cell death, and other ( Figure 2B ). The mRNA and ncRNA processing pathways were highly enriched in both early time points ( Figure S3 ; clusters 1, 5, 7, 9) and late time points (clusters 2, 8, 11) of HSV-1 infection. HSV-1 proteins have been shown to enhance degradation of some mRNA levels while stabilizing or delaying degradation of other host mRNA levels, consistent with the two distinct groups identified here (100) . Regulation of mRNA stability was enriched in multiple clusters with different trends (cluster 1, 8 and 9). Ribosome biogenesis and regulation of translation were mainly present in clusters peaking at 9 hpi (clusters 2, 8, 11), which corresponds to late gene expression. Other translation related-proteins were enriched at 3-6 hpi (clusters 1, 4), which may represent events regulated by HSV-1 to inhibit host protein translation. For instance, down regulation of host RNA splicing was observed late during infection (clusters 1, 12 and 15), a function known to be regulated by the viral protein ICP27 (108, 109) . Nuclear protein transport and localization were GO functions enriched at both early and very late time points of infection (clusters 3, 9, 13, 14 and 16), which may reflect import and export of virions.
Proteins involved in regulation of immune response, including antigen processing and presentation, were highly enriched in clusters 3, 10 and 12 (p-value enrichment < E-22, < E-19, and < E-18, respectively). The two latest clusters showed monotonic decrease across six time points, while cluster 3 decreases after 6
hpi. The decrease of pro-inflammatory proteins may be regulated by the ICP34.5 protein, a key viral factor interfering with the interferon β (IFN-β) pathway (75, 110) . Within cluster 3 we identified proteins that act as inhibitors of early stages of viral life cycle e.g. IFIT3, HLA-A, HLA-C, NOTCH1, RELA or LYN. The categories described here are examples of the depth of our data that are consistent with expected changes during infection. Since each cluster contains approximately 270 proteins, the known proteins can serve as a guide to investigate viral regulation of other host proteins in the same clusters.
The cellular DNA damage response and DNA repair pathways have been shown to be manipulated by multiple HSV-1 proteins (111, 112) . DNA damage response and cellular response to stress were overrepresented within cluster 1 which rises early in infection, and then subsequently appeared in clusters 3, 4 and 15, which all show decreases at late times. Previous reports have demonstrated that the MRN complex which has multiple essential functions within the DNA damage and repair pathway is recruited into HSV-1 viral replication compartments where it favors HSV-1 replication (22, 24, 113, 114 ). In our current study, the levels of Rad50 and MRE11A were found in clusters 1 and 4, increased at 3-6 hpi compared to mock and then decreased at the late time points of infection. Thus our study reveals further details of the temporal regulation of DNA repair pathway proteins by HSV-1.
Apoptosis, or programmed cell death, is an important physiological process for host defense against viral infection, which occurs at early stages of viral infection in order to limit viral propagation (115) . Viruses may also trigger apoptosis at the late stage of viral replication to facilitate viral release and spread. Apoptotic events were regulated in a dynamic manner across all time-points of HSV-1 infection but can divided into two groups: (I) pro-apoptotic and (II) anti-apoptotic processes. Positive regulation of apoptotic processes was highly enriched in clusters 1, 3, 4 and 14. This group of proteins increases primarily at early time points (3-6 hpi) with a dramatic decrease after 6 hpi. Enrichment of pro-apoptotic proteins was also detected in cluster 13, 14 and 16 which peaked at 15 hpi. Proteins involved in positive regulation of cell death processes were also enriched in cluster 8 and cluster 11. Moreover, cluster 8 was unique in high enrichment of proteins involved in apoptotic nuclear changes. The increase of apoptosis category specifically after 6 hpi, when viral replication reaches maximum efficiency, may support cellular chromatin margination and relocalization of viral replication compartments (115, 116) . To overcome host resistance, HSV-1 carries antiapoptotic factors e.g. ICP27, (117), which we found primarily enriched in cluster 1 and 3, decreasing after 6 hpi.
Comparison of the described dataset with other virus proteomic studies
A number of prior studies have provided insight into the dynamic proteome during HSV-1 infection. (Table S1A ). The remaining 23% (72 proteins) may be due to differences in cell types and time points used in each study. Other HSV-1 proteomic research focused on specific cellular compartments such as ribosomes, microsomes, and the nucleus (118) (119) (120) . Prior to our work, the whole cell extract analysis of HSV-1 infection was performed by Antrobus et al. (81) on HEp-2 cells (human epithelial larynx carcinoma cell line). Using 2-DE and LC-MS/MS they identified 68 differentially regulated host proteins at 6 hpi, of which 64 were also detected in our study. They confirmed up-regulation of some proteins such as SFPQ, NDRG1, KHSRP, HSPA5, down-regulation of CBX3 and MCM4, and no-change for VIM and MATR3 protein by immunoblotting. These results are consistent with our data, with the exception of MATR3 which we found up-regulated at 6 hpi. Our clustering analysis showed no-change for VIM protein up to 6 hpi, while after 6 hpi its abundance gradually increased ( Figure S3 ; cluster 6). Berard et al. (100) also confirmed up-regulation of VIM at 24 hpi, especially in the cytosolic fraction. It has been reported that the phosphorylation of MATR3 at T150 or S188 affects its intranuclear and nuclear localization, particularly in late HSV-1 infection (121) , which may account for the difference with our dataset.
It is possible that MATR3 compartmentalization may limit its solubility and thus detection. Loret et al.
described potential incorporation of up to 59 distinct cellular proteins (including protein subtypes e.g. α, β, γ) in mature extracellular HSV-1 virions (68, 122) . In our study we identified 49 of those proteins (e.g. PPIA, NME1, CSNK2A1, UBE2L3, HSPA8 and CFL1) and the majority were present in clusters with the highest intensity at 15 hpi (Table S1A; Figure S3 , clusters 13 and 14). Other proteins enriched at the late time points include peroxiredoxin-1 (PRDX1) and protein S100-A11 (S100A11) (cluster 16), macrophage migration inhibitory factor (MIF), 14-3-3 protein zeta/delta (YWHAZ) and Ras-related proteins Rab-1A/5A (RAB1A/RAB5A) (cluster 8). S100A11 and MIF have inflammatory functions in extracellular space and potentially facilitate HSV-1 access into the host cell (123) , while Rab-1A and Rab-5A are involved in virion assembly and viral RNA genome replication, respectively (124) . This suggests that a sudden increase in protein abundance at the latest time points of HSV-1 infection is not an artifact of MS-quantification or due to cell death, but may be highly regulated by HSV-1 in order to incorporate selected proteins into mature virions to accelerate early viral gene expression during subsequent infections. Taken together, our analysis of the host and viral proteome faithfully reproduces known events during infection, overlaps with previous proteomic studies, and provides novel temporal information and depth to HSV-1 infection proteomics. UL53 UL12 UL40  VP16 UL1 UL9  MCP US7 UL27 US6 UL46 UL42 UL18 UL23 UL50 ICP0 ICP47 UL47 UL38 UL39 US8 VP22 ICP4 ICP22 ICP27 UL34 UL35 UL26 UL31 UL56 UL17 UL22 ICP34.5 UL2 UL21 UL45 UL25 UL24 UL13 UL41 US3 US11 ICP8 UL44 UL10   log 
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